(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



III 



(12) 



(id EP 0 982 760 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
17.10.2001 Bulletin 2001/42 

(21) Application number: 991 15629.0 

(22) Date of filing: 07.08.1999 



(51) lntCl7: H01J 61/82, H01J 61/12, 
H01J 61/34 



(54) Discharge lamp for automobile headlight and the automobile headlight 

Entladungslampe fur Kraftfahrzeugscheinwerfer und der Kraftfahrzeugscheinwerfer 
Lampe a decharge pour projecteur d'automobile et le projecteur d'automobile 



CD 

O 
CO 

1^ 

CM 
00 
O) 



CL 
LU 



(84) Designated Contracting States: 
DE FR 

(30) Priority: 28.08.1998 JP 24403298 

(43) Date of publication of application: 
01.03.2000 Bulletin 2000/09 

(73) Proprietor: MATSUSHITA ELECTRIC INDUSTRIAL 
CO., LTD. 

Kadoma-shi, Osaka (JP) 

(72) Inventors: 

• Mukai, Kenji 

chome, Shijonawate-shi, Osaka 575-0003 (JP) 

• Kiryu, Hideaki 

Takatsuki-shi, Osaka 569-1136 (JP) 



• Takeuchi, Tetsuji 
Kyotanabe-shi, Kyoto 610-0314 (JP) 

• Saitoh, Takeshi 
Amagasaki-shi, Hyogo 661-0953 (JP) 

(74) Representative: Flaccus, Rolf-Dieter, Dr. 
Patentanwalt 
Bussardweg 10 
50389 Wesseling (DE) 

(56) References cited: 
EP-A- 0 762 474 

• PATENT ABSTRACTS OF JAPAN vol. 018, no. 
139 (E-1519), 8 March 1994 (1994-03-08) & JP 05 
325895 A (MATSUSHITA ELECTRON CORP), 10 
December 1993 (1993-12-10) 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



EP 0 982 760 B1 



Description 

[0001 ] The present invention relates to a discharge lamp for an automobile headlight and to the automobile headlight. 
[0002] Conventionally, a halogen lamp generally has been used in an automobile headlight. Recently, a headlight 

5 employing a high pressure discharge lamp (referred to as a HID headlight) has been increasingly widespread as a 
headlight that can achieve energy saving and improved brightness. The HID headlight can illuminate forward more 
brightly with a small amount of power than a headlight employing a halogen lamp. On the other hand, the brightness 
of the HID headlight dazzles and causes uncomfortable glare to the drivers in the automobiles running in the opposite 
direction. This may lead to a car accident. Therefore, a headlight that illuminates forward brightly and hardly causes 

10 undesired glare is desired. 

[0003] The uncomfortable glare can be alleviated by reducing the intensity of light of the headlight toward the op- 
posing automobile, or lowering the correlated color temperature of the light source. The former approach is not desirable 
because the illumination in the forward direction is reduced. One example of the latter approach may be to use a high 
pressure discharge lamp with a low correlated color temperature such as a high pressure sodium lamp. However, the 

15 high pressure sodium lamp emits yellowish light and has a low color rendering property, thereby interfering with the 
recognition of the safety color of road marking or traffic signs, although a risk of car accidents may be smaller. 
[0004] For a conventional metal halide lamp for an automobile headlight, a luminous tube lamp having an outer tube 
including a multi-layered interference film formed on the surface thereof has a color temperature of more than 4000K 
has been proposed to obtain, for example, a low color temperature of 2000 to 4000K that is close to the color of an 

20 incandescent lamp (Japanese Laid-Open Patent Publication No. 5-325895). Furthermore, for a conventional metal 
halide lamp, a luminous tube lamp having a correlated color temperature of 2800 to 3700K that has a color close to 
the color of blackbody radiation has been proposed (Japanese Laid-Open Patent Publication No. 7-130331). 
[0005] However, the above-described discharge lamps have a problem in that they fail to provide a color discrimi- 
nation (identification) property as good as or similar to that of a fluorescent lamp used for intramural illumination. 

25 [0006] Furthermore, for a conventional metal halide lamp, a luminous tube enclosing a metal halide and argon gas 
therein has been proposed (Japanese Laid-Open Patent Publication Nos. 7-320688, 7-130331 , 62-131 459, 61-64060, 
and 5-205697). 

[0007] However, these conventional metal halide lamp have poor luminous flux rising characteristics, so that they 
fail to illuminate forward immediately after they are switched on. Therefore, they are not suitable for a discharge lamp 
30 for an automobile. 

[0008] Therefore, with the foregoing in mind, it is an object of the present invention to provide a discharge lamp for 
headlights that hardly creates uncomfortable glare and provides easier discrimination of various colors including the 
safety color, and a headlight employing such a discharge lamp. 

[0009] This object is achieved by the discharge lamp as claimed in claim 1. A first discharge lamp of the present 
35 invention includes a luminous tube in which xenon gas is sealed, and has a light color that lies in a chromatic region 
common to the following regions: a region bounded by an ellipse with a color point (u, v) = (0.224, 0.331 ) as the center 
thereof, a major axis of 0.080, a minor axis of 0.024, and an angle from the u axis of 35 degrees in the CIE 1 960 UCS 
diagram; a region bounded by an ellipse with a color point (u, v) = (0.220, 0.332) as the center thereof, a major axis 
of 0.060, a minor axis of 0.022, and an angle from the u axis of 15 degrees in the CIE 1960 UCS diagram; and a region 
40 bounded by an ellipse with a color point (u, v) = (0.235, 0.335) as the center thereof, a major axis of 0.060, a minor 
axis of 0.030, and an angle from the u axis of 30 degrees in the CIE 1960 UCS diagram. Herein, the CIE 1960 UCS 
diagram is a chromaticity diagram standardized in 1960 by the CIE (Commission Internationale de I'Eclarage in French), 
as defined in Japanese Industrial Standards (JIS) Z8105. The CIE 1960 UCS diagram is designed to allow measure- 
ment of color differences, and calibrated such that with respect to all points in the diagram, a difference in colors 
45 perceived by observers when viewing the colors having the same brightness is in proportion to a geometric distance 
in the diagram. 

[0010] This embodiment provides a discharge lamp having a low color temperature that permits excellent color dis- 
crimination (identification) so that it is substantially comparable to a fluorescent lamp, which is used indoors and pro- 
vides easy color recognition. 

50 [001 1 ] Next, a second discharge lamp of the present invention includes a luminous tube in which xenon gas is sealed, 
and has a light color that lies in a chromatic region common to the following regions: a region bounded by an ellipse 
with a color point (u, v) = (0.221 , 0.329) as a center thereof, a major axis of 0.047, a minor axis of 0.01 4, and an angle 
from a u axis of 35 degrees in the CIE 1 960 UCS diagram; a region bounded by an ellipse with a color point (u, v) = 
(0.224, 0.334) as a center thereof, a major axis of 0.040, a minor axis of 0.015, and an angle from a u axis of 1 5 degrees 

55 in the CIE 1 960 UCS diagram; and a region bounded by an ellipse with a color point (u, v) = (0.236, 0.339) as a center 
thereof, a major axis of 0.037, a minor axis of 0.013, and an angle from a u axis of 30 degrees in the CIE 1960 UCS 
diagram. 

[001 2] This embodiment provides a discharge lamp having a low color temperature range that permits excellent color 
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discrimination (identification) so that it is substantially comparable to a fluorescent lamp, which is used indoors and 
provides easy color recognition. 

[0013] In the first and the second discharge lamps of the present invention, the light color preferably lies in a range 
bounded by lines connecting four color points (u, v) of (0.221, 0.345), (0.252, 0.345), (0.248, 0.338), and (0.231, 0.330) 
in the CIE 1960 UCS diagram. This embodiment provides a discharge lamp whose light permits a white object such 
as white lines on roads to be perceived as "white" when it is illuminated, i.e., a discharge lamp having an excellent 
property to provide perception of white color. 

[0014] In the first and the second discharge lamps of the present invention, the light color of the discharge lamp 
preferably lies in a range bounded by lines connecting three color points (u, v) of (0.224, 0.341), (0.244, 0.341), and 
(0.229, 0.333) in the CIE 1960 UCS diagram. This embodiment provides a discharge lamp whose light permits a white 
object such as white lines on roads to be perceived as particularly "white" when it is illuminated, i.e., a discharge lamp 
having a particularly excellent property to provide perception of white color. 

[0015] In the first and the second discharge lamps of the present invention, the color point of the light color preferably 
lies in a range on the side of color temperature lower than the isotemperature line of a correlated color temperature of 
3800K in the CIE 1960 UCS diagram. This embodiment provides another advantage in that the illumination by the 
discharge lamp is less likely to be dazzling, in addition to the above-described advantages. 

[0016] In another embodiment of the present invention, the color point of the light color lies in a range on the side of 
color temperature higher than the isotemperature line of a correlated color temperature of 3400K in the CIE 1 960 UCS 
diagram. This embodiment provides further advantages in that the illumination by the discharge lamp is less likely to 
be dazzling, and that the color can be discriminated against the light color of a headlight employing a current halogen 
lamp, in addition to the above-described advantages. 

[0017] In another embodiment of the present invention, any one of the discharge lamps as described above is used 
for an automobile headlight. Thus, the automobile headlight can be provided with the advantages described above. 
[0018] In still another embodiment of the present invention, in any one of the discharge lamps as described above, 
preferably a metal halide is sealed in the luminous tube. 

[0019] The discharge lamp of the present invention preferably comprises at least a pair of electrodes. The distance 
d between the ends of the electrodes is preferably 8mm or less, the inner diameter D of the luminous tube at the 
midpoint between the electrodes is preferably 5mm or less, the power W supplied for illumination is preferably 70W or 
less, and the lamp efficiency during illumination is preferably 50 Im/W or more. 

[0020] In another embodiment of the discharge lamp of the present invention, the metal halide comprises a halide 
of sodium, and an amount of the halide of sodium sealed is preferably 50wt% or more with respect to the total amount 
of the metal halide sealed. 

[0021] In still another embodiment of the discharge lamp of the present invention, the metal halide comprises a halide 
of sodium and a halide of scandium, and does not comprise a halide of thorium nor a halide of thallium, and the following 
relationship is preferably satisfied: 

90<W Na + W Sc ,and 



0.75^ W Na /(W Sc+ W Na )<1, 

where W Na and W Sc represent the percentages by weight of the halide of sodium sealed and the halide of scan- 
dium sealed, respectively, with respect to the total amount of the metal halide sealed. 

[0022] In yet another embodiment of the discharge lamp of the present invention, the metal halide comprises a halide 
of sodium and a halide of thorium, and does not comprise a halide of thallium, and the following relationship is preferably 
satisfied: 

90<W Na + W Sc+ W Th and 

0.75 * W Na / (W Sc + W Na ) - W Th / (W Sc + W Na + W Th )<1 , 

where W Na , W Sc and W Th represent the percentages by weight of the halide of sodium sealed, the halide of 
scandium sealed, and the halide of thorium sealed, respectively, with respect to the total amount of the metal halide 
sealed. 

[0023] In another embodiment of the discharge lamp of the present invention, the metal halide comprises a halide 
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of sodium, a halide of scandium and a halide of thallium, and does not comprise a halide of thorium, and the following 
relationship is preferably satisfied: 

90<W Na + W Sc + W T| , 
0.75 SW Na /(W Sc+ W Na )<1, and 

W TI /(W Sc + W Na + W TI ) s 0.03, 

where W Na , W Sc and W T | represent the percentages by weight of the halide of sodium sealed, the halide of 
scandium sealed, and the halide of thallium sealed, respectively, with respect to the total amount of the metal halide 
sealed. 

[0024] In still another embodiment of the discharge lamp of the present invention, the metal halide comprises a halide 
of sodium, a halide of scandium, a halide of thorium, and a halide of thallium, and the following relationship is preferably 
satisfied: 

90<W Na + W So + W Th+ W TI , 
0.75 ^ W Na /(W Sc + W Na )-W Th /(W Sc + W Na + W Th )<1, and 



-0.05 ^ W Th /(W Sc + W Na + W Th ) - 2 X W TI /(W Sc + W Na + W Th + W TI ), 

where W Na , W Sc , W Th and W T) represent the percentages by weight of the halide of sodium sealed, the halide 
of scandium sealed, the halide of thorium sealed and the halide of thallium sealed, respectively, with respect to the 
total amount of the metal halide sealed. 

[0025] In yet another embodiment of the discharge lamp of the present invention, the metal halide preferably com- 
prises 1 0wt% or less of a halide of cesium with respect to the total amount of the metal halide sealed. 
[0026] In another embodiment of the discharge lamp of the present invention, the discharge lamp preferably com- 
prises an outer tube having a linear transmittance for light at 350nm of 30% or less and a linear transmittance for light 
at 450 nm of 70% or more. 

[0027] In still another embodiment of the discharge lamp of the present invention, the outer tube preferably seals at 
least one end of the luminous tube. 

[0028] In yet another embodiment of the discharge lamp of the present invention, an inner diameter of the outer tube 
is preferably 12mm or less. 

[0029] The preferred embodiments of the present invention described above provides a discharge lamp that permits 
excellent color discrimination, is hardly dazzling, allows an illuminated white object to be perceived as being "white", 
and has a light color that is discriminated against the light color of a current halogen lamp. In addition, the discharge 
lamp can emit light with a constant color and luminous flux because the temperature at the coldest point of the luminous 
tube hardly change with illumination conditions. 

[0030] These and other advantages of the present invention will become apparent to those skilled in the art upon 

reading and understanding the following detailed description with reference to the accompanying figures. 

[0031 ] FIG. 1 is a diagram collectively showing a chromatic range of light colors that provide the effects of the present 

invention, i.e., excellent color discrimination, low levels of uncomfortable glare, high perception of white color, and high 

discrimination against the light color of a halogen lamp, according to the CIE 1 960 UCS diagram. 

[0032] FIG. 2 is a diagram showing a chromatic range of colors of light sources that provide easy recognition of red 

color according to the CIE 1960 UCS diagram. 

[0033] FIG. 3 is a diagram showing a chromatic range of colors of light sources that provide easy recognition of 
green color according to the CIE 1960 UCS diagram. 

[0034] FIG. 4 is a diagram showing a chromatic range of colors of light sources that provide easy recognition of blue 
color according to the CIE 1960 UCS diagram. 

[0035] FIG. 5 is a diagram showing a chromatic range of colors of light sources that provide easy recognition of 
colors in all the categories according to the CIE 1960 UCS diagram. 
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[0036] FIG. 6 is a diagram showing a chromatic range of colors of light sources that provide particularly easy recog- 
nition of red color according to the CIE 1960 UCS diagram. 

[0037] FIG. 7 is a diagram showing a chromatic range of colors of light sources that provide particularly easy recog- 
nition of green color according to the CI E 1 960 UCS diagram. 
5 [0038] FIG. 8 is a diagram showing a chromatic range of colors of light sources that provide particularly easy recog- 
nition of blue color according to the CIE 1 960 UCS diagram. 

[0039] FIG. 9 is a diagram showing a chromatic range of colors of light sources that provide particularly easy recog- 
nition of colors in all the categories according to the CIE 1960 UCS diagram. 

[0040] FIG. 10 is a diagram showing a chromatic range of colors of light sources that provide high perception of 
10 white color according to the CIE 1960 UCS diagram. 

[0041] FIG. 11 is a diagram showing a chromatic range of colors of light sources that provide particularly high per- 
ception of white color according to the CIE 1960 UCS diagram 

[0042] FIG. 12 is a graph showing the relationship between the correlated color temperature and the brightness of 
dazzling light sources. 

15 [0043] FIG. 13 is a graph showing the relationship between the correlated color temperature and the perception of 
the difference in the color of light between the present invention and a halogen lamp. 

[0044] FIG. 14 is a front view partially showing a discharge lamp for a headlight of an embodiment of the present 
invention. 

[0045] Hereinafter, experiments for obtaining chromatic ranges for light colors in which light from a light source allows 

20 appropriate perception of a colored object will be described. 

[0046] First, experiments were conducted to study color discrimination (identification) for the colors used for traffic 
signs under various lamps having different colors of light emitted from the light sources. In the experiments, it is de- 
termined how easily observers can discern colors typically used for road sings and marking, i.e., red, blue and green. 
The observers judge a difference in colors of color charts for a target color by varying the color difference of the color. 

25 [0047] FIG. 2 shows the experimental results with respect to ease of discernment of red color. It was found that when 
the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.224, 0.331 ) as its 
center, a major axis of 0.080, a minor axis of 0.024, and an angle from the u axis of 35 degrees in the CIE 1 960 UCS 
diagram, 75% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 1 976 
L*a*b* color space. 

30 [0048] FIG. 3 shows the experimental results with respect to ease of discernment of green color. It was found that 
when the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.220, 0.332) 
as its center, a major axis of 0.060, a minor axis of 0.022, and an angle from the u axis of 15 degrees in the CIE 1960 
UCS diagram, 75% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 
1976 L*a*b* color space. 

35 [0049] FIG. 4 shows the experimental results with respect to ease of discernment of blue color. It was found that 
when the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.235, 0.335) 
as its center, a major axis of 0.060, a minor axis of 0.030, and an angle from the u axis of 30 degrees in the CIE 1 960 
UCS diagram, 75% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 
1976 L*a*b* color space. 

40 [0050] In other words, it can be concluded that a light source emitting light whose color lies within a range common 
to all the ranges bounded by the three ellipses with respect to ease of discernment of red, blue and green colors 
obtained by the experiments provides excellent color discrimination for colors in substantially all the categories. The 
range common to all the ranges bounded by the three ellipses is shown as a hatched region in FIG. 5. 
[0051 ] FIG. 6 shows the experimental results with respect to ease of discernment of red color. It was found that when 

45 the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.221 , 0.329) as its 
center, a major axis of 0.047, a minor axis of 0.014, and an angle from the u axis of 35 degrees in the CIE 1960 UCS 
diagram, 85% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 1 976 
L*a*b* color space. 

[0052] FIG. 7 shows the experimental results with respect to ease of discernment of green color. It was found that 
50 when the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.224, 0.334) 
as its center, a major axis of 0.040, a minor axis of 0.015, and an angle from the u axis of 15 degrees in the CIE 1960 
UCS diagram, 85% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 
1976 L*a*b* color space. 

[0053] FIG. 8 shows the experimental results with respect to ease of discernment of blue color. It was found that 
55 when the light color of a light source lies within a range bounded by an ellipse with a color point (u, v) = (0.236, 0.339) 
as its center, a major axis of 0.037, a minor axis of 0.013, and an angle from the u axis of 30 degrees in the CIE 1960 
UCS diagram, 85% or more of the observers were able to discern colors whose color difference is at least 2 in the CIE 
1976 L*a*b* color space. 
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[0054] In other words, it can be concluded that a light source emitting light whose color lies within a range common 
to all the ranges bounded by the three ellipses with respect to ease of discernment of red, blue and green colors 
obtained by the experiments provides excellent color discrimination for colors in substantially all the categories. The 
range common to all the ranges bounded by the three ellipses is shown as a hatched region in FIG. 9. 
5 [0055] Next, experiments are conducted with respect to perception of white color when observing an object of an 
achromatic color illuminated by various lamps having different light source colors that have a correlated color temper- 
ature of 4000K or less. 

[0056] In the experiments, observers view an achromatic color chart having a Munsel value of 9 under lamps having 
light sources radiating different light colors, and judge how much chromatic color and how much white color they 

10 perceive the color of the color chart to contain, and answer their perception by giving points out of 100 points in pro- 
portion to the ratio of the chromatic color and white color. A hatched region in the CIE 1960 UCS diagram in FIG. 10 
is shown as a range that can provide high perception of white color. For colors in the hatched region, the observers 
gave 90 points or more to white color. The region is bounded by lines connecting four color points (u, v) = (0.221 , 
0.345), (0.252, 0.345), (0.248, 0.338), and (0.231, 0.330) in the CIE 1960 UCS diagram. Thus, light sources whose 

15 light colors lie in this region permit a white object to be recognized as being white. 

[0057] A region for light colors that provided perception of white color to a greater extent is shown as a hatched area 
in FIG. 1 1 . The region shown in FIG. 1 1 , which is bounded by lines connecting three color points (u, v) = (0.224, 0.341 ), 
(0.244, 0.341), and (0.229, 0.333) in the CIE 1960 UCS diagram, encompasses light colors that the observers gave 
95 points or more for white color. Thus, light sources whose light colors lie in this region permit a white object to be 

20 recognized as being white more distinctly. 

[0058] Another problem is glare of a light source. Glaring light not only causes discomfort to the eyes, but also 
interferes with accurate perception of the surroundings. The relationship between light colors of light sources and 
uncomfortable glare has been reported by Yano et al. in "Relationship between uncomfortable glare of the elderly and 
light color", Journal of Illumination Society, Vol. 77, No. 6, 1 993. It describes that the lower the color temperature is, the 

25 less uncomfortable glare is caused. Herein, an investigation was conducted with respect to glare level from light sources 
falling within a color temperature range that can be used for a headlight. 

[0059] Experiments were conducted to study how much glare is caused by a light source by varying the correlated 
color temperature of light color of a light source. In the experiments, the observers identified the same brightness as 
they are dazzled when viewing a light source having 3000 K. 
30 [0060] Assuming the brightness of the light source with 3000 K as 1 , the observers judged the brightness that dazzles 
the observers when viewing light sources having different correlated color temperatures. The results are shown in FIG. 
12. The graph shown in FIG. 12 indicates that as the correlated color temperature (K) became higher, the brightness 
that dazzles the observers became lower. 

[0061] As a result of further analysis, it was found that there is a significant difference in a significant level of 5% 
35 between the brightness that dazzled the observers when viewing a light source with a correlated temperature of 3800 
K or less and the brightness that dazzled the observers when viewing a light source with a correlated temperature of 
4000 K. More specifically, it was found that the uncomfortable glare caused by the light source with a correlated tem- 
perature of 3800 K or less is significantly reduced, compared with that caused by the light source with a correlated 
temperature of 4000 K. 

40 [0062] Next, the observers evaluated the difference in light color between a halogen lamp with a color temperature 
of 31 00 K and a light source with a different color temperature when the lamp and the light source were illuminated at 
10000 cd/m 2 simultaneously. 

[0063] The light color difference was evaluated by a method in which the observers select one category out of 5 
categories: "no difference", "slight difference", "some difference", "considerable difference", and "large difference". The 
45 results are shown in FIG. 13. These results confirmed that the difference in light color between the light of a lamp with 
a color temperature of 3400 K or more and the light of the halogen lamp can be recognized easily. Thus, it was confirmed 
that the light color of a headlight with a correlated color temperature of 3400K or more can be discriminated against 
that of a headlight employing a current halogen lamp. 

[0064] The chromatic ranges having the effects of the present invention are collectively shown in the CIE 1 960 UCS 
50 diagram in FIG. 1 . In FIG. 1 , chromatic ranges 1 encompass colors that provide excellent color discrimination. A chro- 
matic range 2 encompasses colors that provide excellent perception of white color. A line 3 is an isotemperature line 
of a correlated color temperature of 3800 K, which is a boundary below which the illumination is hardly dazzling. A line 
4 is an isotemperature line of a correlated color temperature of 3400 K, which is a boundary for easy recognition of 
the difference from the light color of a halogen lamp. 
55 [0065] The light source with a low color temperature whose color lies in a range common to the range for excellent 
color discrimination and the range for excellent perception of white color of the present invention has a low color 
temperature and provides excellent color discrimination and perception of white color. When the color point of the 
above-described light source lies in a range on the side of color temperatures lower than the isotemperature line of a 
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correlated color temperature of 3800K, the light is hardly dazzling, in addition to providing excellent color discrimination 
and perception of white color. Furthermore, when the color point of the above-described light source lies in a range on 
the side of color temperatures higher than the isotemperature line of a correlated color temperature of 3400K, the light 
is hardly dazzling, and the light color can be discriminated against that of a headlight employing a halogen lamp, in 

5 addition to providing excellent color discrimination and perception of white color. 

[0066] Furthermore, a xenon gas is sealed in a luminous tube so as to improve the luminous flux rising characteristics. 
It is believed that this is because xenon is vapor at room temperature and emits visible light during discharge. 
[0067] A preferable pressure of the xenon gas sealed is 5 atm or more and 20 atm or less. This allows the luminous 
flux rising characteristics to improve further and prevents a rupture of the luminous tube. 

10 [0068] The hatched region in FIG. 1 is a range of light colors of light sources with low color temperature from 3400K 
to 3800K that provide excellent color discrimination and perception of white color. 

[0069] The light source having the above-described effects is achieved by using a discharge lamp for a headlight 
comprising a luminous tube filled with a metal halide and xenon gas. 

[0070] The discharge lamp includes a luminous tube provided with at least a pair of electrodes and filled with a metal 

15 halogen and xenon gas. The distance dbetween the ends of the electrodes is 8mm or less. The inner diameter D of 
the luminous tube at the midpoint between the electrodes is 5 mm or less. The power applied for illumination is 70 W 
or less. The lamp efficiency during illumination is 50 Im/W or more. This structure of the discharge lamp can achieve 
a discharge lamp for headlights having the advantages of the present invention by suitably selecting the compositions 
and the amounts of the metal halide and xenon gas sealed, the distance dbetween the ends of the electrodes, and 

20 the inner diameter D of the luminous tube at the midpoint between the electrodes. 

[0071] As for the metal halide, the discharge lamp for headlights having the advantages of the present invention can 
be achieved by containing at least 50 wt% of a halide of sodium on the basis of the total amount of the metal halide 
contained. This is because the halide of sodium provides the emission of red color with high efficiency. When the 
amount of the halide of sodium is lower than 50 wt%, the advantages of the present invention and the lamp efficiency 

25 of 50 Im/W or more are not achieved at the same time. 

[0072] Hereinafter, the light sources of the present invention will be described by way of examples with reference to 
the accompanying drawings. FIG. 1 4 shows a discharge lamp of an embodiment of the present invention. A luminous 
tube 5 includes a luminescent part 5a, flat sealing parts 5b and 5c provided at the opposite ends of the luminescent 
part 5a, and a cylindrical part 5d connected to an end of the sealing part 5c. The end of the luminous tube 5 on the 

30 side of the cylindrical part 5d is inserted into the central part of a container 7 formed of a resin such as polyetherimide 
resin and retained in the container 7 with a retainer 8 formed of a conductor and an outer tube 6. The luminescent part 
5a includes a pair of electrodes 9a and 9b, and mercury, a metal halide and xenon as a starting gas are sealed therein. 
Metal foils 1 0a and 1 0b are buried in the sealing parts 5b and 5c, respectively. An end of the electrode 9a is connected 
to one end of the metal foil 1 0a and the other end thereof is located in the luminescent part 5a. An end of an external 

35 lead 11a is connected to the other end of the metal foil 10a. The external lead 11a extends from the sealing part 5c 
through the cylindrical part 5d and is connected to a lamp base 12a. The metal foil 10b, the electrode 9b, and an 
external lead 11b are connected in the same manner, and the other end of the external lead 11b is connected to one 
end of a power supply line 13. The other end of the power supply line 13 is connected to a lamp base 12b. The outer 
tube 6 is fused to the ends of the luminous tube 5. 

40 [0073] The discharge lamp shown in FIG. 1 4 has an inner volume of 0.025cc and an arc length of 4.2mm, and 50mg 
of mercury, 1 0atm of xenon gas and a metal halide are sealed in the luminous tube 5. As the metal halide, 0.2mg of a 
mixture of scandium iodide and sodium iodide is contained in the luminous tube 5. The discharge lamps produced at 
various mixture ratios for the metal halide are allowed to illuminate at 35W and 50W. Table 1 shows the color points 
(u,v) at illumination at 35W and 50W, the lamp efficiency at 35 W illumination, and the luminous flux maintaining ratio 

45 after 1 000 hour illumination at 35W. In Tables 1 to 5, W Na , W Sc , W Th , W T! and W Cs represent the percentages by weight 
of the halide of sodium sealed, the halide of scandium sealed, the halide of thorium sealed, the halide of thallium 
sealed, and the halide of cesium, respectively, with respect to the total amount of the metal halide sealed. 



Table 1 



50 






w Na 


w Sc 


u,v (35 W) 


u,v (50W) 


Lamp 
efficiency 


Luminous 
flux 

maintaining 
ratio 


Value for 
formula 1* 


55 


Ex. 1 


lamp A 


75 


25 


0.226, 0.336 


0.231, 0.337 


90 


74 


0.75 



*formula 1 : 0.75 ^ W Na / (W Sc + W Na ) < 1 
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Table 1 (continued) 







w Na 


W Sc 


u,v (35 W) 


u,v (50W) 


Lamp 
ernciency 


Luminous 

fll IV 

TIUX 

maintaining 
ratio 


Value for 
Torrnuia i * 


Ex. 2 


lamp B 


80 


20 


0.203, 0.338 


0.235, 0.338 


88 


80 


0.80 


Ex. 3 


lamp C 


85 


15 


0.231, 0.338 


0.239, 0.339 


87 


82 


0.85 


Ex. 4 


lamp D 


90 


10 


0.236, 0.339 


0.244, 0.340 


85 


84 


0.90 


Ex. 5 


lamp E 


95 


5 


0.240, 0.338 


0.247, 0.340 


83 


86 


0.95 


Com. Ex. 1 


lamp F 


70 


30 


0.220, 0.333 


0.226, 0.332 


92 


69 


0.70 


Com. Ex. 2 


lamp G 


100 


0 


0.248, 0.346 


0.253, 0.341 


80 


86 


1.00 



*formula 1 : 0.75 ^ W Na / (W Sc + W Na ) < 1 

[0074] Table 1 indicates that the discharge lamp for headlights having the advantages of the present invention can 
be achieved with lamp A at 35W and 50W, lamp B at 50W, lamp C at 35W and 50W, lamp D at 35W and lamp E at 
35W, which contain the metal halide satisfying formula 1 : 0.75 ^ W Na /(W Sc + W Na ) < 1 , when the power for illumination 
is suitably adjusted. It is preferable to seal the metal halide at a mixture ratio satisfying the relationship: 0.80 ^ W Na / 
(W Sc + W Na ) < 1 . It is known that in a discharge lamp for headlights containing a halide of scandium, a reaction between 
scandium and quartz, which is a material component for the luminous tube, causes a reduction in the linear transmit- 
tance of the luminous tube, which is known as opacity. However, opacity can be prevented in the above-described 
range of the mixture ratio for the metal halide, so that a luminous flux maintaining ratio of 70% or more can be achieved 
after 1000 hour illumination at 35W. 

[0075] On the other hand, lamp F of Comparative Example 1 at 35W and 50W illumination is outside of the hatched 
region of FIG. 1, and has a value of formula 1 outside of the lower limit, and therefore is not preferable. Lamp G of 
Comparative Example 2 at 35W and 50W illumination is outside of the hatched region of FIG. 1, and has a value of 
formula 1 outside of the range of formula 1 , and therefore is not preferable. 

[0076] Furthermore, the same discharge lamp as shown in FIG. 14 is used, and as the metal halide, 0.2mg of a 
mixture of scandium iodide, sodium iodide and thorium iodide is contained in the luminous tube 5. The discharge lamps 
produced at various mixture ratios for the metal halide are allowed to illuminate at 35W and 50W. Table 2 shows the 
color points (u,v) at illumination at 35W and 50W, the lamp efficiency at 35 W illumination, and the luminous flux 
maintaining ratio after 1000 hour illumination at 35W 



Table 2 







w Na 


W Sc 


w Th 


u,v (35W) 


u,v (50W) 


Lamp 
efficiency 


Luminous 
flux 

maintaining 
ratio 


Value 
for 

formula 

2** 


Ex. 6 


lamp H 


80 


19 


1 


0.226, 0.336 


0.235, 0.339 


86 


81 


0.80 


Ex. 7 


lamp I 


80 


18 


2 


0.227, 0.334 


0.235, 0.339 


86 


82 


0.80 


Ex. 8 


lamp J 


80 


15 


5 


0.220, 0.330 


0.231, 0.338 


83 


80 


0.79 


Ex. 9 


lamp K 


95 


4 


1 


0.240, 0.338 


0.245, 0.340 


81 


88 


0.95 


Ex. 10 


lamp L 


95 


3 


2 


0.238, 0.337 


0.244, 0.339 


80 


86 


0.95 


Ex. 11 


lamp M 


95 


0 


5 


0.236, 0.337 


0.244, 0.336 


78 


85 


0.95 



formula 2: 0.75 ^ [W Na /(W Sc + W Na )]-[W Th /(W Sc + W Na + W Th )] < 1 



55 
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Table 2 (continued) 







w Na 


W Sc 


w Th 


u,v (35W) 


u,v (50W) 


Lamp 
efficiency 


Luminous 
flux 

maintaining 
ratio 


Value 
for 

formula 

2** 


Com. 
Ex. 3 


lamp N 


80 


10 


10 


0.220, 0.330 


0.238, 0.331 


84 


88 


0.73 



** formula 2: 0.75 ^ [W Na /(W Sc + W Na )]-[W Th /(W Sc + W Na + W Jh )] < 1 



[0077] Table 2 indicates that the discharge lamp for headlights having the advantages of the present invention can 
be achieved with lamp H at 50W, lamp I at 50W, lamp J at 50W, lamp K at 35W and 50W, lamp L at 35W and 50W, 
and lamp M at 35 W and 50W, which contain the metal halide satisfying formula 2: 0.75 ^ W Na /(W Sc + W Na ) - W Th / 
(W Sc + W Na + W Th ) < 1 , when the power for illumination is suitably adjusted. 

[0078] On the other hand, lamp N of Comparative Example 3 at 35W and SOW illumination is outside of the hatched 
region of FIG. 1 , and has a value of formula 2 outside of the lower limit, and therefore is not preferable. 
[0079] Furthermore, the same discharge lamp as shown in FIG. 14 is used, and as the metal halide, 0.2mg of a 
mixture of scandium iodide, sodium iodide and thallium iodide is contained in the luminous tube 5. The discharge lamps 
produced at various mixture ratios for the metal halide are allowed to illuminate at 35W and SOW. Table 3 shows the 
color points (u,v) at illumination at 35W and SOW, the lamp efficiency at 35 W illumination, and the luminous flux 
maintaining ratio after 1000 hour illumination at 35W. 



OiOOlOOlOOiOOiO 01 



Table 3 







w Na 






u,v(35W) 


u,v (50W) 


Lamp efficiency 


Luminous flux 
maintaining ratio 


Value for formula 1* 


Value for formula 3« 


Ex.12 


lampO 


80 


18 


2 


0.226,0.339 


0.232,0.346 


89 


81 


0.82 


0.02 


Ex.13 


lamp P 


80 


17 


3 


0.226, 0.341 


0.232, 0.341 


91 


80 


0.82 


0.03 


Ex.14 


lampQ 


95 


3 


2 


0.239,0.342 


0.243,0.343 


84 


86 


0.97 


0.02 


Ex.15 


lampR 


95 


2 


3 


0.238,0.343 


0.245,0.340 


85 


88 


0.98 


0.03 


Com. Ex. 4 


lampS 


70 


28 


2 


0.218,0.338 


0.225,0.346 


93 


70 


0.71 


0.02 


Com. Ex. 5 


lampT 


70 


27 


3 


0.218,0.340 


0.224,0,350 


95 


68 


0.72 


0.03 


Com. Ex. 6 


lampU 


70 


25 


5 


0.217,0.343 


0.221,0.360 


95 


70 


0.74 


0.05 


Com. Ex. 7 


lampV 


80 


15 


5 


0.224,0.344 


0.230,0.348 


91 


81 


0.84 


0.05 



* formula 1: 0.75 ^W Na /(W Sc +W Na )<1 
« formula 3 :W T |/(W Sc + W Na + W T |)^ 0,03 
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[0080] Table 3 indicates that the discharge lamp for headlights having the advantages of the present invention can 
be achieved with lamp O at 35W, lamp P at 35W and 50W, lamp Q at 35W and SOW, and lamp R at 35W and 50W, 
which contain the metal halide satisfying formulae 1 and 3: 0.75 ^ W Na / (W Sc + W Na ) < 1 (formula 1) and W T) / (W Sc 
+ W Na + W T |) ^ 0.03 (formula 3), when the power for illumination is suitably adjusted. 

5 [0081] On the other hand, lamps S and T of Comparative Examples 4 and 5 at 35W and 50W illumination is outside 
of the hatched region of FIG. 1 , and has a value of formula 1 outside of the lower limit, and therefore is not preferable. 
Lamp U of Comparative Example 6 at 35W and 50W illumination is outside of the hatched region of FIG. 1, and has 
values outside of the ranges of formulae 1 and 2, and therefore is not preferable. Lamp V of Comparative Example 7 
at 35W and 50W illumination is outside of the hatched region of FIG. 1 , and has a value outside of the range of formula 

10 2, and therefore is not preferable. 

[0082] Furthermore, the same discharge lamp as shown in FIG. 14 is used, and as the metal halide, 0.2mg of a 
mixture of scandium iodide, sodium iodide, thorium iodide and thallium iodide is contained in the luminous tube 5. The 
discharge lamps at various mixture ratios for the metal halide are allowed to illuminate at 35W and 50W. Table 4 shows 
the color points (u,v) at illumination at 35W and 50W, the lamp efficiency at 35 W illumination, and the luminous flux 

15 maintaining ratio after 1000 hour illumination at 35W. 



Table 4 







w Na 


W Sc 


w Th 


W TI 


u,v (35W) 


u,v (50W) 


E. 


M. 


2** 




Ex. 
16 


lamp 
a 


80 


13 


5 


2 


0.224, 0.338 


0.229, 0.337 


88 


81 


0.81 


0.01 


Ex. 
17 


lamp 
b 


80 


10 


5 


5 


0.220, 0.340 


0.227, 0.241 


90 


79 


0.84 


-0.05 


Ex. 
18 


lamp 
c 


85 


5 


5 


5 


0.224, 0.342 


0.231, 0.341 


88 


81 


0.89 


-0.05 


Ex. 
19 


lamp 
d 


85 


0 


5 


10 


0.221, 0.347 


0.226, 0.345 


91 


80 


0.91 


-0.05 


Ex. 
20 


lamp 
e 


85 


0 


10 


2 


0.221, 0.337 


0.230, 0.337 


86 


81 


0.89 


0.06 


Ex. 
21 


lamp 
f 


90 


3 


5 


2 


0.231, 0.338 


0.237, 0.339 


83 


83 


0.92 


0.01 


Ex. 
22 


lamp 

g 


90 


0 


5 


5 


0.229, 0.342 


0.235, 0.341 


85 


81 


0.95 


-0.05 


Com. 
Ex. 9 


lamp 
h 


80 


5 


5 


10 


0.217, 0.348 


0.223, 0.350 


90 


78 


0.89 


-0.14 



E.: lamp efficiency 
40 M.: Luminous flux maintaining ratio 

2**: value for formula 2 : 0.75 ^ W Na / (W Sc + W Na ) - W Th / (W Sc + W Na + W Th ) < 1 

4***: value for formula 4 : -0.05 ^ W Th / (W Sc + W Na + W Th )- 2 X W T ,/ (W Sc + W Na + W Th + W T ,) 

[0083] Table 4 indicates that the discharge lamp for headlights having the advantages of the present invention can 
45 be achieved with lamp a at 50W, lamp b at 50W, lamp c at 50W, lamp d at 50W, lamp e at 50W, lamp f at 35W and 
50W, and lamp g at 35W and 50W, which contain the metal halide satisfying formulae 2 and 4: 0.75 ^ W Na / (W Sc + 
W Na ) - W Th / (W Sc + W Na + W Th ) < 1 (formula 2) and - 0.05 ^ W Th / (W Sc + W Na + W Th ) - 2 X W TI / (W Sc + W Na + W Th 
+ W T |) (formula 4), when the power for illumination is suitably adjusted. 

[0084] On the other hand, lamp h of Comparative Example 8 at 35W and 50W illumination is outside of the hatched 
so region of FIG. 1 , and has a value outside of the range of formula 4, and therefore is not preferable. 

[0085] Furthermore, the same discharge lamp as shown in FIG. 14 is used, and as the metal halide, 0.2mg of a 
mixture of scandium iodide, sodium iodide, thorium iodide, thallium iodide and cesium iodide is contained in the lumi- 
nous tube 5. The discharge lamps produced at various mixture ratios are allowed to illuminate at 35W and 50W. Table 
5 shows the color points (u,v) at illumination at 35W and 50W, the lamp efficiency at 35 W illumination, and the luminous 
55 flux maintaining ratio after 1 000 hour illumination at 35W. 
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Table 5 







i\a 


Wc, 

be 


In 


Wti 

II 


OS 


u,v (35W) 


u,v(50W) 


E 


M 


2** 


4*** 


Ex.23 


lamp i 


85 


13 


i 


1 


0 


0.231,0.339 


0.237, 0.339 


90 


79 


0.86 


■0.01 


Ex.24 


lampi 

r J 


85 


5 


i 


1 


5 


0.231,0.337 


0.229, 0.339 


72 


86 


0.90 


■0.01 


Ex.25 


lamp k 


80 


13 


5 


2 


0 


0.224,0.338 


0.228, 0.337 


88 


81 


0.81 


0.01 


Ex.26 


lamp I 


80 


8 


5 


2 


5 


0.224,0.335 


0.231,0.337 


68 


86 


0.86 


0.01 


Ex.27 


lamp m 


80 


3 


5 


2 


10 


0.224,0.336 


0.230, 0.338 


55 


88 


0.91 


0.01 


Com. Ex. 9 


lampn 


80 


0 


5 


2 


13 


0.225,0.334 


0.229,0.338 


45 


88 


0.94 


0.01 


Com. Ex. 10 


lampo 


85 


2 


1 


1 


11 


0.233,0.339 


0.238, 0.340 


49 


88 


0.97 


■0.01 



E: lamp efficiency 

M: Luminous flux maintaining ratio 

2** : value for formula 2 : 075 % W Na /(W Sc + W Na ) - W Th / (W Sc + W Na + W Th ) < 1 

4***: value for formula 4:- 0,05 ^ W Th / (W Sc + W Na + W Th ) -2 X Wj|/ (W Sc + W Na + W Th + Wj|) 
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[0086] Table 5 indicates that the discharge lamp for headlights having the advantages of the present invention can 
be achieved with lamp i at SOW, lamp j at 50W, lamp k at 50W, lamp I at 35W and 50W, and lamp m at 35W and 50W, 
which contain the metal halide satisfying formulae 2 and 4: 0.75 ^ W Na / (W Sc + W Na ) - W Th / (W Sc + W Na + W Th ) < 1 
(formula 2) and - 0.05 ^ W Th / (W Sc + W Na + W Th ) - 2 x W T ,/ (W Sc + W Na + W Th + W T! ) (formula 4), when the power 

5 for illumination is suitably adjusted. Thus, it was found that a discharge lamp for headlights having an increased lumi- 
nous flux maintaining ratio during lifetime along with the advantages of the present invention can be obtained by using 
cesium. However, as the amount of cesium halide increase, the lamp efficiency decreases. Thus, in lamp n and lamp 
o of Comparative Examples 9 and 1 0, where the amount of cesium halide contained exceeds 1 0wt%, the lamp efficiency 
is below 50 Im/W. As a result, it is preferable that the amount of cesium halide contained is 10wt% or less, which 

10 achieves a lamp efficiency of 50 Im/W. 

[0087] When the outer tube of the discharge lamp has a linear transmittance of 30% or less for light at 350nm and 
a linear transmittance of 70% or more for light at 450nm, the discharge lamp for headlights having the advantages of 
the present invention is further advantageous in that harmful ultraviolet radiation, which degrades the illumination equip- 
ment, can be reduced. As a material for this outer tube, a quartz glass material is used preferably. The quartz glass 

15 has high linear transmittance for visible light and excellent heat resistance, so that a discharge lamp for headlights 
having high efficiency and excellent heat resistance results. Furthermore, it is preferable that this quartz glass com- 
prises at least one element selected from the group consisting of cerium oxide, titanium oxide, iron oxide, praseodymium 
oxide and europium oxide. The quartz glass comprising at least one of these elements has the effect of reducing the 
linear transmittance for ultraviolet rays at a wavelength of 380nm or less while maintaining the linear transmittance for 

20 visible light at 380 to 780nm. Thus, the use of the quartz glass comprising at least one of these elements as the outer 
tube provides a discharge lamp for headlights with harmful ultraviolet radiation being reduced. 

[0088] When the outer tube seals the luminous tube at least at one end thereof, the discharge lamp for headlights 
can provide excellent color discrimination, and is hardly dazzling during illumination. 

[0089] When the inner volume of the outer tube is 12mm or less, the discharge lamp for headlights can radiate light 
25 with a constant light color and luminous flux due to a reduced variation in the temperature of the coldest point of the 
luminous tube depending on the illumination conditions. In the examples of the present invention, iodides have been 
described as the metal halide. However, other halides such as bromides or combinations thereof can provides the 
same effects. 

[0090] The object of the present invention of providing a discharge lamp for headlights under which the colors of 
30 various illuminated chromatic objects can be perceived properly and whose uncomfortable glare is reduced can be 
achieved by using an outer tube that absorbs visible light selectively so that the light from the light source has desired 
chromaticity. 

[0091] The object of the present invention of providing a discharge lamp for headlights under which the colors of 
various illuminated chromatic objects can be perceived properly and whose uncomfortable glare is reduced also can 
35 be achieved by using headlight equipment including at least one of a transparent plate and a reflecting plate that 
provides the light of the light source with desired chromaticity. 



Claims 

40 

1. A discharge lamp for an automobile headlight comprising a luminous tube in which xenon gas is sealed, charac- 
terized in that the light color of said discharge lamp lies in at least one chromatic region selected from the group 
consisting of a first region (i) and a second region (ii), 

45 said first region (i) being a region common to the following three regions: 

a region bounded by an ellipse with a color point (u, v) = (0.224, 0.331 ) as a center thereof, a major axis 
of 0.080, a minor axis of 0.024, and an angle from a u axis of 35 degrees in the CIE 1 960 UCS diagram; 
a region bounded by an ellipse with a color point (u, v) = (0.220, 0.332) as a center thereof, a major axis 
50 of 0.060, a minor axis of 0.022, and an angle from a u axis of 15 degrees in the CIE 1960 UCS diagram; and 

a region bounded by an ellipse with a color point (u, v) = (0.235, 0.335) as a center thereof, a major axis 
of 0.060, a minor axis of 0.030, and an angle from a u axis of 30 degrees in the CIE 1960 UCS diagram, 
and said second region (ii) being a region common to the following three regions: 

55 a region bounded by an ellipse with a color point (u, v) = (0.221 , 0.329) as a center thereof, a major 

axis of 0.047, a minor axis of 0.014, and an angle from a u axis of 35 degrees in the CIE 1960 UCS 
diagram; 

a region bounded by an ellipse with a color point (u, v) = (0.224, 0.334) as a center thereof, a major 
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10 



axis of 0.040, a minor axis of 0.015, and an angle from a u axis of 15 degrees in the CIE 1960 UCS 
diagram; and 

a region bounded by an ellipse with a color point (u, v) = (0.236, 0.339) as a center thereof, a major 
axis of 0.037, a minor axis of 0.013, and an angle from a u axis of 30 degrees in the CIE 1960 UCS 
diag ram. 

. The discharge lamp for an automobile headlight according to claim 1 , wherein the light color lies in a region bounded 
by lines connecting four color points (u, v) of (0.221 , 0.345), (0.252, 0.345), (0.248, 0.338), and (0.231 , 0.330) in 
the CIE 1960 UCS diagram. 

3. The discharge lamp for an automobile headlight according to claim 1 , wherein the light color lies in a region bounded 
by lines connecting three color points (u, v) of (0.224, 0.341), (0.244, 0.341), and (0.229, 0.333) in the CIE 1960 
UCS diagram. 

15 4. The discharge lamp for an automobile headlight according to claim 1 , wherein the light color lies in a range on a 
side of color temperature lower than an isotemperature line of a correlated color temperature of 3800K in the CIE 
1960 UCS diagram. 

5. The discharge lamp for an automobile headlight according to any one of claims 1 to 4, wherein the light color lies 
20 in a range on a side of color temperature higher than an isotemperature line of a correlated color temperature of 

3400K in the CIE 1960 UCS diagram. 

6. A headlight for an automobile comprising the discharge lamp for an automobile headlight according to any one of 
claims 1 to 5. 

25 

7. The discharge lamp for an automobile headlight according to any one of claims 1 to 5, wherein a metal halide is 
further sealed in the luminous tube. 

8. The discharge lamp for an automobile headlight according to claim 7, comprising at least a pair of electrodes, 
30 wherein a distance d between ends of the electrodes is 8mm or less, an inner diameter D of the luminous tube at 

a midpoint between the electrodes is 5mm or less, a power W supplied for illumination is 70W or less, and a lamp 
efficiency during illumination is 50 Im/W or more. 

9. The discharge lamp for an automobile headlight according to claim 7 or 8, wherein the metal halide comprises a 
35 halide of sodium, and an amount of the halide of sodium sealed is 50wt% or more with respect to a total amount 

of the metal halide sealed. 

10. The discharge lamp for an automobile headlight according to claim 7 or 8, wherein the metal halide comprises a 
halide of sodium and a halide of scandium, and does not comprise a halide of thorium nor a halide of thallium, and 

40 the following relationship is satisfied: 

90<W Na + W Sc 

45 and 

0.75^W Na /(W Sc + W Na )<1, 

50 where W Na and W Sc represent percentages by weight of the halide of sodium sealed, and the halide of 

scandium sealed, respectively, with respect to a total amount of the metal halide sealed. 

11. The discharge lamp for an automobile headlight according to claim 7 or 8, wherein the metal halide comprises a 
halide of sodium and a halide of thorium, and does not comprise a halide of thallium, and the following relationship 

55 is satisfied: 

90<W Na + W Sc + W Th , 
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and 

0.75 ^ W Na / (W Sc + W Na ) - W Th / (W Sc + W Na + W Th )<1, 

where W Na , W Sc and W Th represent percentages by weight of the halide of sodium sealed, the halide of 
scandium sealed, and the halide of thorium sealed, respectively, with respect to a total amount of the metal halide 
sealed. 

12. The discharge lamp for an automobile headlight according to claim 7 or 8, wherein the metal halide comprises a 
halide of sodium, a halide of scandium and a halide of thallium, and does not comprise a halide of thorium, and 
the following relationship is satisfied: 

90<W Na + W Sc+ W T| , 
0.75^ W Na / (W Sc + W Na )<1, 

and 

W TI / (W Sc + W Na + W TI ) ^ 0.03, 

where W Na , W Sc and W T! represent percentages by weight of the halide of sodium sealed, the halide of 
scandium sealed, and the halide of thallium sealed, respectively, with respect to a total amount of the metal halide 
sealed. 

13. The discharge lamp for an automobile headlight according to claim 7 or 8, wherein the metal halide comprises a 
halide of sodium, a halide of scandium, a halide of thorium, and a halide of thallium, and the following relationship 
is satisfied: 

90<W Na + W Sc+ W Th+ W Th 



0.75 ^ [W Na / (W Sc + W Na )]-[W Th / (W Sc + W Na + W Th )]<1 , 

and 

- 0.05 ^ [W Th / (W Sc + W Na + W Th )] - 2 X [W T| / (W Sc + W Na + W Th + W T| )], 

where W Na , W Sc , W Th and W T) represent percentages by weight of the halide of sodium sealed, the halide 
of scandium sealed, the halide of thorium sealed and the halide of thallium sealed, respectively, with respect to a 
total amount of the metal halide sealed. 

14. The discharge lamp for an automobile headlight according to any one of claims 9 to 13, wherein the metal halide 
comprises 10wt% or less of a halide of cesium with respect to a total amount of the metal halide sealed. 

15. The discharge lamp for an automobile headlight according to any one of claims 9 to 1 3, comprising an outer tube 
having a linear transmittance for light at 350nm of 30% or less and a linear transmittance for light at 450nm of 70% 
or more. 

16. The discharge lamp for an automobile headlight according to claim 15, wherein the outer tube seals at least one 
end of the luminous tube. 

17. The discharge lamp for an automobile headlight according to claim 15 or 16, wherein an inner diameter of the 
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outer tube is 12mm or less. 
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Patentanspruche 

1. Entladungslampe fur Automobil-Scheinwerfer, umfassend eine Leuchtrohre, in die Xenon-Gas eingeschlossen ist, 
dadurch gekennzeichnet, dass die Lichtfarbe der Entladungslampe in zumindest einem Farbbereich liegt, der 
ausgewahlt ist aus der Gruppe, die aus einem ersten Bereich (i) und einem zweiten Bereich (ii) besteht, bei der 
der erste Bereich (i) ein Bereich ist, der den drei folgenden Bereichen gemeinsam ist: 



einem Bereich, begrenzt durch eine Ellipse mit einem Farbpunkt (u, v) = (0,224; 0,331) als Zentrum davon, 
einer Hauptachse von 0,080, einer Nebenachse von 0,024, und einem Winkel von einer u-Achse von 35 Grad 
in einem CIE 1960 UCS Diagramm; 

einem Bereich, begrenzt durch eine Ellipse mit einem Farbpunkt (u, v) = (0,220; 0,332) als Zentrum davon, 
15 einer Hauptachse von 0,060, einer Nebenachse von 0,022, und einem Winkel von einer u-Achse von 15 Grad 

in einem CIE 1960 UCS Diagramm; und 

einem Bereich, begrenzt durch eine Ellipse mit einem Farbpunkt (u, v) = (0,235; 0,335) als Zentrum davon, 
einer Hauptachse von 0,060, einer Nebenachse von 0,030, und einem Winkel von einer u-Achse von 30 Grad 
in einem CIE 1960 UCS Diagramm, und 
20 bei der der zweite Bereich (ii) ein Bereich ist, der den drei folgenden Bereichen gemeinsam ist: 

einem Bereich, begrenzt durch eine Ellipse mit einem Farbpunkt (u, v) = (0,221 ; 0,329) als Zentrum davon, 
einer Hauptachse von 0,047, einer Nebenachse von 0,014, und einem Winkel von einer u-Achse von 35 
Grad in einem CIE 1960 UCS Diagramm; 
25 einem Bereich, begrenzt durch eine Ellipse mit einem Farbpunkt (u, v) = (0,224; 0,334) als Zentrum davon, 

einer Hauptachse von 0,040, einer Nebenachse von 0,015, und einem Winkel von einer u-Achse von 15 
Grad in einem CIE 1960 UCS Diagramm; und 

einem Bereich, begrenzt durch eine Ellipse mit einem Farbpunkt (u, v) = (0,236; 0,339) als Zentrum davon, 
einer Hauptachse von 0,037, einer Nebenachse von 0,013, und einem Winkel von einer u-Achse von 30 
30 Grad in einem CIE 1960 UCS Diagramm. 

2. Entladungslampe fur Automobil-Scheinwerfer nach Anspruch 1, wobei die Lichtfarbe in einem Bereich liegt, der 
durch Linien begrenzt wird, die die vier Farbpunkte (u, v) von (0,221; 0,345), (0,252; 0,345), (0,248; 0,338) und 
(0,231 ; 0,330) in einem CIE 1 960 UCS Diagramm verbinden. 

35 

3. Entladungslampe fur Automobil-Scheinwerfer nach Anspruch 1, wobei die Lichtfarbe in einem Bereich liegt, der 
durch Linien begrenzt wird, die die drei Farbpunkte (u, v) von (0,224; 0,341 ), (0,244; 0,341 ) und (0,229; 0,333) in 
einem CIE 1960 UCS Diagramm verbinden. 

40 4. Entladungslampe fur Automobil-Scheinwerfer nach Anspruch 1 , wobei die Lichtfarbe in einem Bereich auf einer 
Seite der Farbtemperatur liegt, die geringer als eine Isotemperaturlinie einer korrelierten Farbtemperatur von 3800 
K in einem CIE 1960 UCS Diagramm ist. 

5. Entladungslampe fur Automobil-Scheinwerfer nach einem der Anspruche 1 bis 4, wobei die Lichtfarbe in einem 
45 Bereich auf einer Seite der Farbtemperatur liegt, die hoher als eine Isotemperaturlinie von einer korrelierten Farb- 
temperatur von 3400 K in einem CIE 1960 UCS Diagramm ist. 

6. Ein Scheinwerfer fur Automobile, umfassend die Entladungslampe fur einen Automobil-Scheinwerfer nach einem 
der Anspruche 1 bis 5. 

50 

7. Entladungslampe fur einen Automobil-Scheinwerfer nach einem der Anspruche 1 bis 5, wobei ferner ein Metall- 
Halogenid in die Leuchtrohre eingeschlossen ist. 

8. Entladungslampe fur einen Automobil-Scheinwerfer nach Anspruch 7, umfassend zumindest ein Paar Elektroden, 
55 wobei der Abstand d zwischen den Enden der Elektroden 8 mm oder weniger betragt, ein innerer Durchmesser 

D der Leuchtrohre an einem Mittelpunkt zwischen den Elektroden 5 mm oder weniger betragt, die zur Beleuchtung 
bereitgestellte Energie W 70 W oder weniger betragt, und die Effizienz der Lampe wahrend der Beleuchtung 50 
Im/W oder mehr betragt. 
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9. Entladungslampe fur einen Automobil-Scheinwerfer nach Anspruch 7 oder 8, wobei das Metal I -Halogen id ein Ha- 
logenid des Natriums umfaBt, und der eingeschlossene Betrag des Halogenids von Natrium 50 Gew.-% oder mehr 
ist, in Bezug auf die Gesamtmenge der eingeschlossenen Metall-Halogenide. 

10. Entladungslampe fur einen Automobil-Scheinwerfer nach Anspruch 7 oder 8, wobei das Metall halogen id ein Ha- 
logenid des Natriums und ein Halogenid des Scandiums umfaBt, und kein Halogenid des Thoriums oder Halogenid 
des Thalliums umfaBt, und bei dem das folgende Verhaltnis erfullt wird: 

90<W Na + W Sc , 

und 

0,75<W Na /(W Sc+ W Na )<1, 

wobei W Na und W Sc jeweils die Gewichtsprozente der eingeschlossenen Halogenide des Natriums und der 
eingeschlossenen Halogenide des Scandiums reprasentieren, in Bezug auf die Gesamtmenge der eingeschlos- 
senen Metall-Halogenide. 

1 1 . Entladungslampe fur einen Automobil-Scheinwerfer nach Anspruch 7 oder 8, wobei das Metall-Halogenid ein Ha- 
logenid des Natriums und ein Halogenid des Thoriums umfaBt, und kein Halogenid des Thalliums umfaBt, und bei 
dem das folgende Verhaltnis erfullt wird: 

90<W Na + W Sc + W Th , 

und 

0,75 < W Na / (W Sc + W Na ) - (W Na + W Sc + W Th ) < 1 , 

wobei W Na , W Sc und W Th jeweils die Gewichtsprozente der eingeschlossenen Halogenide des Natriums, 
der eingeschlossenen Halogenide des Scandiums und der eingeschlossenen Halogenide des Thoriums reprasen- 
tieren, in Bezug auf die Gesamtmenge der eingeschlossenen Metall-Halogenide. 

12. Entladungslampe fur einen Automobil-Scheinwerfer nach Anspruch 7 oder 8, wobei das Metall-Halogenid ein Ha- 
logenid des Natriums, ein Halogenid des Scandiums und ein Halogenid des Thalliums umfaBt, und kein Halogenid 
des Thoriums umfaBt, und bei dem die folgende Beziehung erfullt ist: 

90<W Na + W Sc+ W T| , 

und 

0,75<W Na /(W Sc+ W Na )<1, 

und 

W T| /(W Sc + W Na + W T| )<0,03 

wobei W Na , W Sc und W T! jeweils die Gewichtsprozente der eingeschlossenen Halogenide des Natriums, der 
eingeschlossenen Halogenide des Scandiums und der eingeschlossenen Halogenide des Thalliums reprasentie- 
ren, in Bezug auf die Gesamtmenge der eingeschlossenen Metall-Halogenide. 

13. Entladungslampe fur einen Automobil-Scheinwerfer nach Anspruch 7 oder 8, wobei das Metall-Halogenid ein Ha- 
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logenid des Natriums, ein Halogenid des Scandiums, ein Halogenid des Thoriums und ein Halogenid des Thalliums 
umfaGt, und bei dem die folgende Beziehung erfullt ist: 

5 90 <W Na + W Sc + W Th + W TI , 

0,75 < [W Na / (W Sc + W Na )] - [W Th / (W Sc + W Na + W Th )] < 1 , 

10 und 

- 0,05 < [W Th / (W Sc + W Na + W Th )] - 2 x [W TI / (W Sc + W Na + W Th + W TI )] 

15 wobei W Na , W Sc , W Th und W T |jeweils die Gewichtsprozente der eingeschlossenen Halogenidedes Natriums, 

der eingeschlossenen Halogenide des Scandiums, der eingeschlossenen Halogenide des Thoriums und der ein- 
geschlossenen Halogenide des Thalliums reprasentieren, in Bezug auf die Gesamtmenge der eingeschlossenen 
Metal I- Halogenide. 

20 14. Entladungslampe fur einen Automobil-Scheinwerfer nach einem der Anspruche 9 bis 13, wobei das Metall-Halo- 
genid 10 Gew.-% oder weniger eines Halogenids des Caesiums umfaBt, mit Bezug auf die Gesamtmenge der 
eingeschlossenen Metall-Halogenide. 

15. Entladungslampe nach einem der Anspruche 9 bis 13, umfassend ein auGeres Rohr, das eine lineare Durchlas- 
25 sigkeit fur Licht bei 350 nm von 30 % oder weniger und eine lineare Durchlassigkeit fur Licht bei 405 nm von 70 

% oder mehr hat. 

16. Entladungslampe fur Automobil-Scheinwerfer nach Anspruch 15, wobei das auGere Rohr zumindest ein Ende der 
Leuchtrohre einschlieGt. 

30 

17. Entladungslampe fur einen Automobil-Scheinwerfer nach Anspruch 15 oder 16, wobei der innere Durchmesser 
des auGeren Rohrs 12 mm oder weniger betragt. 

35 Revendications 

1. Lampe a decharge pour un phare d'automobile comprenant un tube a decharge scelle contenant du xenon , ca- 
racterise en ce que la couleur de lumiere de ladite lampe a decharge s'etend au moins dans une region chroma- 
tique selectionnee dans le groupe compose d'une premiere region -3 (i) et d'une deuxieme region -33 (ii), 

40 

ladite premiere region (i) etant une region commune aux trois regions suivantes : 

une region delimitee par une ellipse avec un point de couleur (u, v) = (0,224, 0,331) en tant que centre 
de celle-ci, un grand axe de 0,080, un petit axe de 0,024, et un angle a partir d'un axe u de 35 degres 
45 dans le diagramme de chromaticite uniforme CIE 1960 ; 

une region delimitee par une ellipse avec un point de couleur (u, v) = (0,220, 0,332) en tant que centre 
de celle-ci, un grand axe de 0,060, un petit axe de 0,022, et un angle a partir d'un axe u de 15 degres 
dans le diagramme de chromaticite uniforme CIE 1960 ; et 

une region delimitee par une ellipse avec un point de couleur (u, v) = (0,235, 0,335) en tant que centre 
50 de celle-ci, un grand axe de 0,060, un petit axe de 0,030, et un angle a partir d'un axe u de 30 degres 

dans le diagramme de chromaticite uniforme CIE 1960 ; et 

ladite deuxieme region (ii) etant une region commune aux trois regions suivantes : 

55 une region delimitee par une ellipse avec un point de couleur (u, v) = (0,221 , 0,329) en tant que centre 

de celle-ci, un grand axe de 0,047, un petit axe de 0,014, et un angle a partir d'un axe u de 35 degres 
dans le diagramme de chromaticite uniforme CIE 1960 ; 

une region delimitee par une ellipse avec un point de couleur (u, v) = (0,224, 0,334) en tant que centre 
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de celle-ci, un grand axe de 0,040, un petit axe de 0,015, et un angle a partir d'un axe u de 15 degres 
dans le diagramme de chromaticite uniforme CIE 1 960 ; et 

une region delimitee par une ellipse avec un point de couleur (u, v) = (0,236, 0,339) en tant que centre 
de celle-ci, un grand axe de 0,037, un petit axe de 0,013, et un angle a partir d'un axe u de 30 degres 
dans le diagramme de chromaticite uniforme CIE 1960. 

. Lampe adecharge pour un phare d'automobile selon la revendication 1 , dans laquelle la couleur de lumieres'etend 
dans une region delimitee par des lignes reliant quatre points de couleur (u, v) de (0,221, 0,345), (0,252, 0,345), 
(0,248, 0,338), et (0,231, 0,330) dans le diagramme de chromaticite uniforme CIE 1960. 

3. Lampe a decharge pour un phare d'automobile selon la revendication 1 , dans laquelle la couleur de lumiere s'etend 
dans une region delimitee par des lignes reliant trois points de couleur (u, v) de (0,224, 0,341 ), (0,224, 0,341 ), et 
(0,229, 0,333) dans le diagramme de chromaticite uniforme CIE 1960. 

15 4. Lampe adecharge pour un phare d'automobile selon la revendication 1 , dans laquelle la couleur de lumieres'etend 
dans une plage sur un cote de la temperature de couleur inferieure a une ligne d'isotherme d'une temperature de 
couleur proximale de 3 800°K dans le diagramme de chromaticite uniforme CIE 1 960. 

5. Lampe a decharge pour un phare d'automobile selon I'une quelconque des revendications 1 a 4, dans laquelle la 
20 couleur de lumiere s'etend dans une plage sur un cote de la temperature de couleur superieure a une ligne d'iso- 
therme d'une temperature de couleur proximale de 3 400°K dans le diagramme de chromaticite uniforme CIE 1 960. 

6. Phare pour une automobile comprenant la lampe a decharge pour phare d'automobile selon I'une quelconque des 
revendications 1 a 5. 

25 

7. Lampe a decharge pour phare d'automobile selon I'une quelconque des revendications 1 a 5, dans laquelle un 
halogenure de metal est de plus scelle dans le tube a decharge . 

8. Lampe a decharge pour phare d'automobile selon la revendication 7, comprenant au moins une paire d'electrodes, 
30 dans laquelle une distance d entre les extremites des electrodes est de 8 mm ou moins, un diametre interieur D 

du tube a decharge au point milieu entre les electrodes est de 5 mm ou moins, une puissance W fournie pour 
I'eclairage est de 70 W ou moins, et un rendement de la lampe pendant I'eclairage est de 50 Im/W ou plus. 

9. Lampe a decharge pour phare d'automobile selon la revendication 7 ou 8, dans laquelle I'halogenure de metal 
35 comprend un halogenure de sodium, et une quantite de I'halogenure de sodium scelle est de 50 % en poids ou 

plus par rapport a une quantite totale de I'halogenure de metal scelle. 

10. Lampe a decharge pour phare d'automobile selon la revendication 7 ou 8, dans laquelle I'halogenure de metal 
comprend un halogenure de sodium et un halogenure de scandium, et ne comprend ni halogenure de thorium ni 

40 halogenure de thallium, et dans laquelle la relation suivante est satisfaite : 

90<W Na + W Sc , 



45 et 



0,75<W Na /(W Sc+ W Na )<1, 



50 dans laquelle W Na et W Sc represented les pourcentages en poids de I'halogenure de sodium scelle et de 

I'halogenure de scandium scelle, respectivement, par rapport a une quantite totale de I'halogenure de metal scelle. 

11. Lampe a decharge pour phare d'automobile selon la revendication 7 ou 8, dans laquelle I'halogenure de metal 
comprend un halogenure de sodium et un halogenure de thorium et ne comprend pas un halogenure de thallium, 
55 et dans laquelle la relation suivante est satisfaite : 

90<W Na + W Sc + W Th , 
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et 

0,75 < W Na / (W Sc + W Na ) - (W Th / (W Sc + W Na + W Th ) < 1 , 

dans laquelle W Na , W Sc et W Th represented les pourcentages en poids de I'halogenure de sodium scelle, 
de I'halogenure de scandium scelle et de I'halogenure de thorium scelle, respectivement, par rapport a une quantite 
totale de I'halogenure de metal scelle. 

12. Lampe a decharge pour phare d'automobile selon la revendication 7 ou 8, dans laquelle I'halogenure de metal 
comprend un halogenure de sodium, un halogenure de scandium et un halogenure de thallium, et ne comprend 
pas un halogenure de thorium, et dans laquelle la relation suivante est satisfaite : 

90<W Na + W Sc+ W T| , 
0,75<W Na /(W Sc+ W Na )<1, 

et 

W T| /(W Sc + W Na + W T| )<0,03, 

dans laquelle W Na , W Sc et W T) represented les pourcentages en poids de I'halogenure de sodium scelle, 
de I'halogenure de scandium scelle et de I'halogenure de thallium scelle, respectivement, par rapport a une quantite 
totale de I'halogenure de metal scelle. 

13. Lampe a decharge pour phare d'automobile selon la revendication 7 ou 8, dans laquelle I'halogenure de metal 
comprend un halogenure de sodium, un halogenure de scandium, un halogenure de thorium et un halogenure de 
thallium, et dans laquelle la relation suivante est satisfaite : 

90<W Na + W Sc+ W Th + W T|j 



0,75 < [W Na / (W Sc + W Na )] - [W Th / (W Sc + W Na + W Th )] < 1 , 

et 

- 0,05 < [W Th / (W Sc + W Na + W Th )] - 2 X [W T| / (W Sc + W Na + W Th + W T| )], 

dans laquelle W Na , W Sc , W Th et W T) represented les pourcentages en poids de I'halogenure de sodium 
scelle, de I'halogenure de scandium scelle, de I'halogenure de thorium scelle et de I'halogenure de thallium scelle, 
respectivement, par rapport a une quantite totale de I'halogenure de metal scelle. 

14. Lampe a decharge pour phare d'automobile selon I'une quelconque des revendications 9 a 13, dans laquelle 
I'halogenure de metal comprend 10 % en poids ou moins d'un halogenure de cesium par rapport a une quantite 
totale de I'halogenure de metal scelle. 

15. Lampe a decharge pour phare d'automobile selon I'une quelconque des revendications 9 a 13, comprenant un 
tube externe possedant un facteur de transmission lineaire de la lumiere a 350 nm de 30 % ou moins et un facteur 
de transmission lineaire de la lumiere a 450 nm de 70 % ou plus. 

16. Lampe a decharge pour phare d'automobile selon la revendication 15, dans laquelle le tube externe scelle une 
extremite au moins du tube a decharge . 
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17. Lampe a decharge pour phare d'automobile selon la revendication 15 ou 16, dans laquelle un diametre interieur 
du tube exterieur est de 12 mm ou moins. 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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FIG. 10 
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